The Gulf of Venezuela is a large kidncy-shaped embayment along the northern coast of South America between Venczuela and Colombia. It is approximately 200 km long on a line between Aruba and the entrance to Lake Maracaibo and 84 km wide between Espada Point and Paraguan& Waters from the open Caribbean penetrate the gulf over a broad shallow shelf ( Fig. 1) . The Gulf of Venezuela is divided into two parts, Calabozo Bay and the Outer Gulf, by a submarine sill that markedly influences the water movements between the two basins. The basin of Calabozo Bay is 9 m deeper than the deepest portion of the sill. The bottom of the Outer Gulf slopes toward the Caribbean Sea somewhat regularly from the coast of Falc6n to the sudden deepening at the shelf edge. Four small islands off the Los Monges group in the northwestern part of the Outer Gulf are within the area of study.
Field data presented in this paper (Table 1) were collected on two cruises of the It is the object of this paper to examine the sediments of the Gulf of Vcnezucla and to relate them to the hydrography.
The hydrography is, therefore, described in some detail.
New data support the general conclusions of Rcdfield (1955) that the Gulf of Vcnezucla and Calabozo Bay opcratc as two estuarine cells driven by the trade winds and by outflow from Lake Maracaiho.
New data also show that water enters the Outer Gulf from the northwest and flows at mid-depths towards the southeast in response to upwelling taking place off the coast of Paraguanh.
Sediment parameters that reflect circulation best arc shells of pelagic foraminifera, sand distribution, and silt clay distribution. Of unknown importance is the distribution of resistant fecal pellets and the distribution of carbonate (shell material), The distribution of foraminifera indicated that water does not enter Calabozo Bay over the central part of the sill but rather along both coasts. The silt clay distribution reflects an outflow of water from Calabozo Bay into the Outer Gulf over the sill, a flow that had been first seen in the hydrographic stations. Rainfall data showed the great dependence of water character in the Gulf of Vcnczuela on rainfall and outflow from Lake Maracaibo. Hydrographic stations made in 1958, following a protracted dry period showed differcnccs in salinity of l-3%, between stations occupied in 1954 that wcrc taken following 2 months of heavy rainfall, RV Atlantis (November 1958 and February 1960) . Eight days were spent collecting bottom samples, hydrographic data, plankton tows, fish tows, and water samples for nutrient and geochemical studies. The position of the hydrographic and sediment stations are shown in Fig. 1 1  10  20  30  40  50  60  1  10  20  30  40  55  1  10  20  30  40  50  1  15  30  45  60  75  1  15  30  45  60  70  1  10  20   2   1  5  12  1  10  1  10  20  1  12  1  10  20  1  10  22  1  10 The circulation of the gulf appears to be influenced by the wind, the introduction of freshwater from Lake Maracaibo, and the submarine sill. Both s~u~ys were made during the period of strong northeast trade winds. The outflow of freshwater from the lake was much greater in 1954 than in 1958 and resulted in lower salinities and some differences in the pattern of circulation,
The circulation of the Gulf of Venezuela consists of two estuarine cells delimited by the submarine sill that separates Calabozo Bay from the Outer Gulf. Freshwater from Lake Maracaibo dilutes the water of Calabozo Bay, particularly in the upper layers. Over the sill and on its eastward slope, where the surface waters of Calabozo Bay mix with those of the Outer Gulf, there is a marked change in salinity (Figs. 2 and 3). The distribution of salinity at the surface ( Fig. 3) indicates the position of this transition zone. The Maracaibo outflow appears as a tongue of low-salinity water that projects toward the center of Calabozo Bay, flanked on either side by water of greater salinity. The distribution of the isohalines suggests a westward indraft of saline water along the coasts, with a compensating escape of water across the central part of the sill. This distribution is somewhat different from that observed by Redfield in 1954. In 1954, the volume: of water derived from Lake Maracaibo was much greater, as evidenced by the lower salinities of the bay water. The outflow appears to have spread northwestward along the coast and to have suppressed the inflow along the Guajira coast, thus distorting the salinity pattern without changing its fundamental character.
The hydrography of the Outer Gulf appears to be dominated by upwelling that occurs off the western coast of the peninsula of Paraguana as the result of the northeast trade winds (Fig. 4) . The network of stations occupied in 1958 permits the description of this phenomenon in some detail. Fig. 5 shows the distribution of salinity, temperature, and oxygen along a section that approaches the peninsula from the northwest, then turns to the south and west parallel to the coast. These isolines all slope upward in a similar pattern. The isolines for 36X$& salinity, 26C, and 4 ml/liter of oxygen all rise from a depth of about 50 m at the continental slope to 20 m as the coast is approached.
Thev remain at this depth along the Paraguanj coast but rise to the surface in the offing of the Gulf of Coro.
The horizontal extent of the upward water movements illustrated in this section is shown in Fig. 6 , in which the contours show the depths of specified isolines. The contours for the 24C isotherm and the 36.7& isohalinc (Fig. 6A,B) suggest that the indraft of dee,p water moves in a southeasterly direction from offshore. Such water does not upwell to the sea surface. The contours for the 26C isothermal surface and the 36.6%0 salinity surface break the surface off the Gulf of Coro ( Fig. 61 ),E). Water of this salinity extends westward into shallow water along the coast of Falcbn and northwesterly where it appears to overflow less saline water lying at a greater depth (Fig. 6E) In the upper layers of the Outer Gulf, the highest salinities are found in the southeastern quarter surrounding the rcgion off the Gulf of Coro, where upwelled water appears at the surface (Fig. 6) . The lowest salinities occur off the coast of Guajira and southward along the mixing zone separating the Outer Gulf from Calabozo Bay. This distribution suggests a general northwesterly movement of the surface waters with a concentration of the major outflow along the northeast coast of Guajira. Los Mongcs, as observed during both surveys. In the Outer Gulf and in the eastern part of Calabozo Bay, the differences in salinity of the surface waters occurred consistently at all positions sampled and in general amounted to nearly lsO. In the western part of the bay the differences were grcatcr, averaging about 3g0. It is impossible to calculate exactly how much more freshwater had diluted the Caribbean water of the gulf in 1954 than in 1959, but it was approximately 1.8 x 1O1"
The principal difference between the water of the Gulf of Venezuela as observed in 1958 and as observed in 1954 is its greater salinity. Fig. 7 shows the vertical distribution of salinity, temperature, and oxygen content at stations in similar positions in the western part of Calabozo Bay, the central part of the Outer Gulf, and at the edge of the continental shelf off m3. Of this, about two-thirds of the freshwater difference is found in Calabozo Bay and the remainder in the Outer Gulf.
Data on the outflow of Lake Maracaibo make it clear that the differences in the salinity of the gulf are related to variations in rainfall in the Maracaibo Basin, These data were supplied by the Creole Petroleum Corporation and are based on estimates, made in accordance with the procedure of Carter ( 1955)) of the monthly rainfall corrected for evaporation. The estimated outflows for the years 1952 through 1958 are shown in Fig. 8 . The outflows vary greatly from month to month and frequently arc negative when evaporation exceeds precipitation. This condition occurs especially during winter, the dry season. The survey of December I954 was made after 2 months of exceptionally high rainfall following 2 years of average precipitation.
In contrast, the survey of November 1958 followed a protracted period when the outflow was small and frequently negative, that is, when water flowed from the gulf into Lake Maracaibo. When the data for the 12 months immediately preceding the surveys are added together, the annual exchange is as follows: Exchange 1954 Exchange 1958 Outflow positive 1.78 x 10" mx 0.18 x 10'" m3
Outflow negative ( inflow ) 0.45 x lOlo rn' 0.84 x 10" m3
Net outflow 1.33 X 10" m" -0.66 X 10'" m"
Very little of the lake water returns to the lake during periods of inflow, when the inflow is composed of gulf water that is only slightly diluted. Consequently, the positive outflows give the best indication of the effect of lake water in diluting the 023 24 25 26 27'C ,5 16 37x.s 3 44 m///qer gulf for the two periods.
.' IXI ARUEA CHANNEL The difference in the volume of outflow 'T 10 -,.A 1 i i T I \ I in 1954 and 1958 is 1.6 x UYO m3. This is about the same as the estimated difference in the water content of the gulf. It is probable that the residence time of water in the gulf is not more than 1 or 2 years. Of this, about two-thirds of the time is spent in Calabozo Bay and one-third in the Outer Gulf.
SEDIMENTS
Bottom sediment in the Gulf of Venezuela is composed of three principal corn--ponents: terrigenous silt clay, terrigenous sand, and shells ( carbonate).
Tedgenous sand
Terrigenous sand is defined as grains of terrigenous minerals that did not pass a 8 40 screen with hole size of 0.062 mm. The $ 5. sand is composed mostly of quartz but includes minor amounts of heavy minerals and feldspars. Five areas where sand is more than a trace can be seen (Fig. 9) . The large sand area in the southeast corner of the gulf is probably a relict deposit that washed through the Gulf of Coro before the strait was closed on the east by the tombolo connecting Paraguana to the 20 -mainland.
Bits of broken barnacles, calcareous 1 a gae, bryozoans, and heavy shelled mollusks are mixed with sand. These animal remains were probably washed from the shallow Gulf of Coro at the same time.
Sand in the central part of the gulf, off Espada Point, was probably eroded from sandy outcrops on the sea floor, One of the samples contained many oolitcs and bits of massive limestone.
Limestones have been examined in formations exposed on shore by the author and reported by Renz ( 1956) ) and since neither oolites nor sand were found between the offshore sandy area and the coast, it is assumed that some of the coastal formations cropped out on the sea floor and were eroded when sea level was lower and water turbulence greater. Present depth of water in this sandy area is 60-65 m. present islands are being eroded or how much quartz is being supplied to the sea is not known. It is surprising that no striking increase could be seen in the amounts or kinds of heavy minerals present in the sediments near the islands. Possibly the recent rate of erosion does not supply large amounts of material to the sea.
Sand eroded from the Guajira and Falcon coasts is being moved westward near the coast by waves driven before the trade winds. The result is that sand is accumulating along the western end of Calabozo Bay. Fine sand, which is present in small amounts all over the Gulf of Venezuela, is probably carried from the land by wind.
Silt clay
The term silt clay includes all materials smaller than 0.062 mm and not soluble in acid. A blanket of fine material dominates f 1 the sediment in Calabozo Bay and extends outward into the Outer Gulf (Fig. 10) . Most of the fine material is produced by erosion along the Guajira or Falcon coasts or is carried in suspension in the outflow from Lake Maracaibo. Nearshore circulation under the influence of trade winds drives the muddy coastal water into Calabozo Bay, which is a natural topographic collecting basin. Most of the fine material settles out before the water enters the circulation of the Outer Gulf. However, the muddy water that escapes from Calabozo Bay does so across the center of the ridge, and a tongue of silt and clay, outlined by the 60% contour, concides closely with the zone of escape. That the less saline water escaping from Calabozo Bay is taking this route is also indicated by Fig. 6D , which shows the 26C isotherm greatly depressed by the outflowing water over a tongucshaped area. 
Carbonate (shells)
Broken and whole shells form a major sedimentary constituent in the outer part of the Gulf of Venezuela. Inasmuch as all of the carbonate particles readily visible under low magnification were shell fragments except for the one sample that contained oolites and broken limcstoncs, it was concluded that a map of the carbonate content of the sediment would represent a reasonable approximation to shell content. Samples were analyzed for approximate carbonate content by acidification and back-titration ( Jackson 1958) . The carbonate content is generally low over Calabozo Bay and most of the southern part of the Gulf of Venezuela, except for two areas off the Gulf of Coro; the carbonate content increases abruptly to the north, and one can describe the sediments of the northern part of the Gulf of Venezuela as muddy or sandy shell dcposits.
The shelly areas can be distinguished somewhat in terms of dominant characteristics; for example, the area around Los Monges contains many algal bank-type or reef-type carbonate remains such as bryozoans or small corals. Sediments along the deeper outer edge of the Gulf of Venczuela, and particularly near Aruba, are dom- Gulf of Vcnczuela.
inantly pelagic, that is, broken and whole shells of globigerina and swimming mollusks plus other foraminifera. The more central and eastern shelly areas are characterized by mixtures of heavy shelled, badly worn (often only hinge lines remaining) mollusk shells, and foraminifera, both pelagic and agglutinated.
The inner edge of the carbonate deposits is dominated by pelagic foraminifera and thin fragile shell fragments. Parker and Curray ( 1956) and Curray (1960) found shell deposits in deeper waters in the Gulf of Mexico that were composed, at least in part, of the shells of nearshorc organisms. Among other things, these authors used the occurrence of the shallow-water forms as evidence that some of the shell deposits were, in reality, relict shorelines, The relatively narrow transition zone in which the shell content increases rapidly from 20 to 40% in the Gulf of Venezuda suggests that this zone may also rcprescnt a relict shoreline similar to those in the Gulf of Mexico; however, R. II. Parker (personal communication ) failed to find distinct beach or lagunal deposits (based on shells) in 17 samples selected from the zone of increasing shell content, although he did find shallow-water shells in some of the samples. Inasmuch as the entire Gulf of J?K. 11. Distrihtion of resistant fecal pellets, <hlF of Vcnezucla. Vcnczuela was probably above sea level as recently as 13,000 years BP (Curray 1961), it is not surprising to find shallow-water shells in some places, but this fact alone does not explain the abrupt transition from the absence of shells to the presence of many shells.
In spite of the remarkably simple distribution of shells, the writer is unable to demonstrate from the data at hand a good physical relationship between environment and shells that would explain their location.
Fecal pellets
Well-preserved fecal pellets are conspicuous in the muds of the southwestern part of the Gulf of Venezuela ( Fig. 11) . Their distribution is so clearly delineated that one expects the pattern to have significancc. If one considers the close control of the sediment samples (dots on Fig. 11) ) the reliability of fecal pellet distribution cannot be overlooked.
The fecal pellets are well-preserved, resistant, spherical, approximately 0.35 mm in diameter, often with a brownish oxide coating and otherwise greenish-gray in color. They are composed of silt and clay material that has been ingested and partially glauconitized.
The pellets survive 1. : ZEIGLER washing in dilute hydrochloric acid, although they bleach to a gray color. Investigations of the mud, which was kept frozen, failed to reveal organisms that could be responsible for the pellets (Howard Sanders, personal communication ) ; however, it is known that some polychaete worms produce pellets similar to those we found ( Moore 1955) . Inasmuch as these pellets survived drying and screening, it is assumed that their resistant nature is their unusual characteristic, because fresh pellets would have been destroyed during analysis. If this assumption is correct, one might speculate on the meaning of this well-defined distribution in terms of a process such as glauconitization, which would cause fragile pellets to become tough.
The values of weight per cent shown on Fig. 11 are probably not highly accurate in terms of absolute weight of sample, but they show the relative numbers and distribution of fecal pellets with respect to themselves and to the surrounding sediments. Furthermore, values outside the contour lines show the extreme limits of fecal pellet distribution.
If no pellets were seen in a sample, the sediment station has no value written beside it. The numbers themselves were derived by first making a grain count (200 grains or more) of all sedimentary constituents larger than 0.62 mm ( sand size). Having the weight per cents of sand, silt clay, and carbonate, one could then also state the proportion of fecal pellets in terms of weight per cent. The merit of using weight per cent instead of grain count contours is that all the other constituents arc given as weight per cent. Generally, the total weight or volume of resistant fecal pellets in any one sample is small except for a few samples, but even these small amounts are distinctly visible on examination of the sediment.
WC do not have sufficient information to do more than speculate upon the reasons for the sharply defined occurrence of these resistant pellets. They may be concentrated by currents, although Calabozo Bay, their main locus, is a basin and the hydrography indicates that the bottom currents are probably weak. Perhaps the pellets represent the range of some as yet unidentified animal, or they may indicate an environment that is favorable to glauconitc formation.
The close relationship between glauconite formation and organic matter has been pointed out by Takahashi and Yagi (1929) and by Takahashi (1955) , who also believe that an oxygen-low cnvironment is conducive to glauconite formation. Perhaps the fecal pellet distribution thercforc represents the distribution of reducing conditions. Pyritized tests of foraminifcra were collected from core samples in Calabozo Bay. Pyrite was present from near the surface of the cores to 3 m below the surface, indicating the prescncc of a reducing environment at least below the bottom-water interface. Our hydrographic studies revealed low concentrations of oxygen in Calabozo Bay. Redfield reported even lower values at a time when the outflow of lake water was greater. It is possible that during the summer wet season, when the outflow of the lake is cvcn greater, organic production is higher, and winds are lighter, the water over the bottom may become anoxic. A period of calm coupled with an increase in organic detritus from lake discharge would probably use up the already small amounts of oxygen present. Production of organic matter in Lake Maracaibo is among the highest in the world, and the outflow from the lake through Tablazo Bay is directly into Calabozo Bay, the main locus of the pellets. The physical setting, therefore, leads one to believe that oxygen-poor waters are the norm and anoxic bottom water is not itipossible.
The present study cannot establish validity for the idea that partially glauconitized fecal pellets represent oxygen-low environments, but it does present supporting evidence. Coincidentally, Van Andel and Postma (1954) reported the largest concentrations of fecal pellets in the Gulf of Paria near Trinidad to be in the Guiria Trough, a basin within the gulf near the Venezuelan coast, No hydrographic data for the trough were given. 
Foraminifera
Shells of dead benthonic and pelagic foraminifera constitute a visible and important part of the sediment of the Gulf of Venezuela. The various species from these samples were identified by Bermudcz ( 1960) . During routine examination of sediment constituents, it became apparent that benthonic foraminifera occurred all over the Gulf of Venezuela, including Calabozo Bay, but pelagic species were entirely missing from the greater part of Calabozo Bay ( Fig. 12) .
Pelagic foraminifera drift with the currents, and their preferred habitat seems to be the open ocean seaward of the continental shelves, although they probably also live and reproduce to some extent over the more seaward parts of the broad shelves. In a sense, therefore, their shells represent microscopic drift bottles and under some conditions might be useful to track oceanic currents that invade nearshore waters or open bays such as the Gulf of Venezuela. This hypothesis was tested by counting the number of shells of pelagic species in dried sediment samples from the Gulf of Venezuela ( Fig. 12) . In spite of the numerous errors that can affect the count, such as errors in sampling, splitting, or counting, the overall distribution is thought to be significant.
Not only are foraminifera scarce in Calabozo Bay (entirely absent from 23 stations in the central part of the bay), but those few that are present are confined to two bands of water adjacent to the two coasts. They are present in small numbers over the submarine sill, but their numbers increase one or two orders of magnitude in a short distance seaward, while they disappear altogether in going in the opposite direction to the central basin of Calabozo Bay. The writer interprets this to mean that very little open gulf water enters Calabozo Bay directly across the sill, but rather that water from the open gulf enters the bay along both coasts and water from Calabozo Bay moves seaward over the sill.
This circulation must be reasonably permancnt, because the shell counts represent samples of the bottom that required years to deposit. Counts from cores taken in Calabozo Bay show that the scarcity of pelagic foraminifera persists some meters below the present sea bottom at the places where cores were taken.
SUMMARY
The distribution of sediments has been shown to be related to the general hydrographic features of the Gulf of Venezuela. Thus, terrigenous sand predominates along the coasts of Calabozo Bay where wave action provides its source and wind-driven currents its distribution, while terrigenous silt clay underlies the central part of the basin. In contrast, shell fragments make up the major part of the bottom deposits in the deeper waters of the Outer Gulf. Pelagic species of foraminifera are limited almost wholly to the Outer Gulf and penetratc the warmer, less saline, and more turbid waters of Calabozo Bay only in small numbers, being carried by wind-driven currents along the coasts. In some areas where hydrographic data are lacking, the distribution of sediments, and particularly of the pelagic foraminifera, may bc used to supplement details of the circulation.
In Fig. 13 , the general character of the circulation of the Gulf of Venezuela, as deduced from the hydrography and sediment distribution, is shown diagrammatically.
Water draining from Lake Maracaibo across Calabozo Bay must remain more in the basin than close to the coast, even though the tongue of fresher water coming out of the lake will be shifted more to the west and north in times of strong trade winds. Inflow of saline water into the bay is confined to the two coasts, while discharge from the bay is across the central part of the sill. The primary inflow of water into the Gulf of Venezuela is in the deeper layers from northwest to southeast. This water, in turn, upwells along the coast of ParaguanA. Wind drift in the shallow layers is an important part of the mechanism, but this drift does not penetrate far into Calabozo Bay, turning instead toward the coasts or toward the open northwest part of the gulf. Circulation in Calabozo Bay is weak, and water spends twice as much time there as in the Outer Gulf, this number being based on comparison of hydrographic stations taken in 1954 and 1958. 
